Mutations in the b-catenin gene are common in ovarian endometrioid carcinoma. Few studies have addressed the association of b-catenin expression with tumor characteristics and patient outcome, yielding controversial results. The purpose of this study was to retrospectively assess the expression of b-catenin in ovarian endometrioid carcinoma and correlate its expression with the Gynecologic Oncology Group's (GOG) grading system, clinicopathological characteristics, and patient survival. A total of 49 patients with primary ovarian endometrioid carcinoma were included in this study. A four-tier score grading system was used for the membranous staining (negative, weak, moderate, and strong) and the percentage of positive cells for the nuclear staining of b-catenin. The status of five morphometric parameters, nuclear morphology (uniform or pleomorphic), mitotic count, glandular pattern, degree of squamous differentiation, and status of papillary pattern, was assessed. We found that a low membranous expression of b-catenin and a high mitotic count (415 per 10 high-power fields) were significantly associated with poor prognosis and early recurrence of ovarian endometrioid carcinoma. In addition, cases with nuclear expression of b-catenin showed an intermediate overall survival risk and late disease recurrence. Young age at the time of diagnosis, advanced disease stage, and suboptimal debulking were among the clinical factors predicting poor survival and early disease recurrence. The presence of squamous differentiation, a papillary pattern or nuclear pleomorphism did not show any correlation with overall survival or disease-free survival. Low membranous expression of b-catenin and high mitotic count are poor prognostic indicators in patients with ovarian endometrioid carcinoma, whereas the GOG grading system showed no prognostic value. Our data suggest that there is a need to define a better grading system for ovarian endometrioid carcinoma. Molecular markers such as b-catenin and mitotic count could aid in defining this grading system.
Ovarian carcinomas constitute a heterogeneous group of neoplasms with different morphological characteristics, biological behaviors, and clinical outcomes. Endometrioid carcinomas account for 20-25% of ovarian carcinoma, surpassed in frequency only by the serous histotype. 1 Ovarian endometrioid carcinomas are most common in women in their 50s (mean age at diagnosis, 56 years). Endometriosis, which may be extraovarian, may occur in the ipsilateral or contralateral ovary, or may occur within the tumor itself, is found in 15-20% of the patients with ovarian endometrioid carcinoma. Approximately 14% of the cases also have synchronous endometrial carcinoma of the uterus. Ovarian endometrioid carcinoma has a 5-year survival rate of 40-52% with most patients presenting with early stage disease. 1, 2 Some studies have showed that the endometrioid histology is associated with a better outcome than the serous histology. [2] [3] [4] In contrast, other studies have shown that when patients with endometrioid and serous tumors of the ovary are matched for age, tumor grade, disease stage, and level of cytoreduction, there is no difference in either the rate of 5-year survival or the mean/median length of survival. 5 The most commonly used grading systems have been those of the International Federation of Gynecology and Obstetrics (FIGO), the World Health Organization (WHO), and the Gynecologic Oncology Group (GOG). 6, 7 The GOG grading system is the most widely used and is based on the FIGO grading system for endometrioid carcinomas of the endometrium. The GOG system is based on the tumor's architecture, with the overall grade modified by the nuclear grade when there is discordance; tumors that are architecturally grade 1 or 2 are increased by one grade in the presence of a notable degree of nuclear atypia. Well-differentiated endometrioid adenocarcinomas (GOG grade 1) account for most cases and are characterized by a confluent or cribriform proliferation of glands lined by a tall, stratified columnar epithelium with sharp luminal margins. Less than 5% of the tumors have a solid growth pattern. Mitotic figures are common. Squamous differentiation is present in 50% of the cases. In moderately differentiated carcinomas (grade 2) 6-50% of the tumors have a solid growth pattern. Poorly differentiated carcinomas (grade 3) show a solid and complex glandular growth pattern. Nuclear pleomorphism and mitotic activity are marked, and necrosis and hemorrhage are often prominent. 8 Despite its widespread use, this grading system can be difficult to apply because of several pitfalls. One of the most controversial issues is its inter-observer reproducibility, which has reached unacceptable levels in some studies. 6, 9, 10 Recent advances in molecular techniques have shed some light on the molecular events that lead to ovarian carcinoma development. However, no molecular marker is generally accepted as a prognostic indicator. b-catenin gene mutations are common molecular alterations in endometrioid carcinomas and therefore have emerged as a promising prognostic marker of this tumor.
11-15 b-Catenin has been implicated in two important biological processes: cell-cell adhesion and signal transduction. 16 In adherens junctions of epithelial cells, b-catenin association with the cytoplasmic domain of cadherins has an important function in Ca 2 þ -dependent cell adhesion. In the nucleus, b-catenin participates in the transduction of signals binding to the DNAactivating transcription. Deregulation of the cadherin/catenin complex has been implicated in cancer development, progression, differentiation, invasion, and metastatic potential in several malignancies. [17] [18] [19] [20] Deregulation of b-catenin has been described to be caused by oncogenic mutation of the b-catenin gene (CTNNB1), mutations in the APC gene, or alterations of the Wnt signal transduction pathway. 21, 22 Recent studies have estimated that the mutation frequency of b-catenin in ovarian endometrioid carcinoma ranges from 16 to 54%. 11, 18, 23, 24 However, the prognostic significance of the expression of b-catenin is still a matter of controversy. The purpose of this study was to assess the expression of b-catenin in endometrioid ovarian carcinoma, correlate its expression with GOG grading system, clinicopathological characteristics, and patient survival.
Materials and methods

Patient Selection
Patients with primary endometrioid carcinoma of the ovary who underwent initial surgery at The University of Texas M. D. Anderson Cancer Center from 1990 to 2004 were retrospectively selected for this study by review of electronic charts. Only cases of pure endometrioid carcinoma were included in the final analysis, whereas those presenting as mixed-type carcinomas with an endometrioid component were excluded. Patient charts were reviewed to exclude those cases that clinically could have represented other primary sites, such as the colon. Immunohistochemical stains had been performed if necessary at diagnosis to exclude other primary sites. A total of 49 patients were identified for this study, for which hematoxylin-and eosin-stained and paraffin blocks were available. Follow-up information was updated through January 2006 by reviewing the patients' medical records. Demographic and survival data were entered into a comprehensive database created with Microsoft Access (version 97; Microsoft Corp., Redmond, WA, USA). Histopathologic diagnoses were based on WHO criteria; 25 tumor grades were based on GOG criteria (see introduction); and disease stages were assessed according to the FIGO system. [26] [27] [28] [29] [30] Diseasespecific survival rates were calculated as the percentage of subjects who survived with the disease for a defined period (reported as time since diagnosis), and only deaths from the disease were counted. Time to progression (disease-free survival) was defined as the interval from the date of treatment initiation until the disease progression was clinically evidenced by a 25% or greater increase in tumor size, appearance of new lesions, or a rise of serum CA 125 level to more than twice the upper limit of normal. 31, 32 Mean time to progression was calculated as the average time from diagnosis until the date of relapse. To analyze response to primary therapy, we grouped patients as responders or non-responders to the primary therapy. The latter group was also subdivided into groups of patients with progressive and relapsed disease. Patients in the progressive disease group were identified as those in whom no remission of b-catenin expression and prognosis in ovarian endometrioid carcinoma the disease was observed after treatment initiation. Patients in the relapsed disease group were described as those in whom a remission of the disease was clinically documented. The extent of cytoreduction was defined as optimal if the largest diameter of any residual lesion from surgery was smaller than 1 cm or suboptimal if residual disease was larger than 1 cm. 33, 34 The use of tissue block and chart review was approved by the Institutional Review Board at M. D. Anderson Cancer Center.
Construction of Tissue Microarrays
Tissue blocks were stored under ambient conditions at approximately 241C. A pathologist reviewed hematoxylin-and eosin-stained sections to select representative areas of tumor from which cores could be acquired for microarray analysis. Tissue microarray blocks were constructed as described earlier 35 with a precision instrument (Beecher Instruments, Silver Spring, MD, USA) that uses two separate core needles for punching the donor and recipient blocks and a micrometer-precise coordinate system for assembling tissue samples on a block. For each case, two replicate 1 mm corediameter samples were collected, and each was placed on a separate recipient block. The final tissue microarray consisted of one block containing duplicates of 49 spots. All samples were spaced 0.5 mm apart. Five-micrometer sections were obtained from the microarray and stained with hematoxylin and eosin to confirm the presence of tumors and to assess the tumors' histology. Tumor samples were randomly arranged on the blocks.
Sample tracking was based on coordinate positions for each tissue spot in the tissue microarray block; the spots were transferred onto tissue microarray slides for staining. This sample tracking system was linked to a Microsoft Access database containing demographic, clinicopathologic, and survival data on the subjects who provided the samples, thereby allowing rapid links between histologic data and clinical features. The array was read according to the given tissue microarray map; each core was scored and the results are presented as the mean of the two replicate core samples. Cases in which no tumor was found or no cores were available were excluded from the final data analysis.
Immunohistochemical Analysis
The tissue microarray slides were subjected to immunohistochemical staining as follows. After initial deparaffinization, endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide. Deparaffinized sections were microwaved in 10 mM citrate buffer (pH 6.0) to unmask the epitopes. The slides were then incubated for 1 h at room temperature with monoclonal antibody against b-catenin (BD Biosciences Pharmingen, San Diego, CA, USA), then with biotin-labeled secondary antibody for 20 min, and finally with a 1:40 solution of streptavidin:peroxidase for 20 min. Tissues were then stained for 5 min with 0.05% 3 0 ,3-diaminobenzidine tetrahydrochloride that had been freshly prepared in 0.05 M Tris buffer at pH 7.6 containing 0.024% H 2 O 2 and then were counterstained with hematoxylin, dehydrated, and mounted. All the dilutions of antibody, biotin-labeled secondary antibody, and streptavidin-peroxidase were made in phosphatebuffered saline (pH 7.4) containing 1% bovine serum albumin.
Score Scoring System
Four trained pathologists independently reviewed the slides for all 49 cases (DGR, ZZ, BC, and JL). An average of 16 slides (range, 1-80) were reviewed for each case and graded using GOG criteria. 7 In addition, the status of five morphometric parameters-including nuclear morphology (uniform or pleomorphic), mitotic count (per 10 high-power fields), glandular pattern (450 or r50% of glands), extent of squamous differentiation (Z20 or r20%), and status of papillary pattern (absent or present)-and b-catenin expression were visually analyzed and recorded separately. Membranous and nuclear expressions were analyzed separately in individual experiments. Samples in which more than 10% of nuclei stained were judged to be positive and labeled as 'positive' regardless of the membranous staining. The remaining cases in which no more than 10% of nuclei were stained or no nuclear staining was observed were labeled as 'negative.' Cytoplasmic membranous staining was scored as follows: no staining or membrane staining in less than 10% of the tumor cells was considered negative (0); weak noticeable membranous staining in more than 10% of the tumor cells was defined as 1 þ ; weak to moderate complete membrane staining in more than 10% of the tumor cells was defined as 2 þ ; and strong complete membrane staining in more than 10% of the tumor cells was defined as 3 þ (Figure 1) .
Immunohistochemical staining was performed in whole sections in nine cases in which both cores showed weak membranous staining and no nuclear staining. In all nine cases, the whole sections confirmed the findings of those seen in the tissue microarray cores.
Statistical Analysis
Descriptive statistics were calculated; Wilcoxon signed-rank sum tests were performed to assess the association between continuous variables in subgroups; w 2 tests or Fisher's exact tests were used to assess the association between categorical variables; k statistics were used to assess the agreement between two categorical variables; McNemar's tests were used to assess the homogeneity between paired categorical variables; linear regression methods were used to assess the agreement of two continuous variables by testing intercepts equal to 0 and coefficients equal to 1; Kaplan-Meier methods were used to evaluate survival; and log-rank tests were used to compare the differences in survival between groups. In addition, univariate and multivariate Cox proportional hazards regression modeling was used to estimate the hazard ratios of death and relapse, including 95% confidence intervals. All computations were carried out using SAS version 8.0 (Cary, NC, USA) or S-PLUS 8 (Palo Alto, CA, USA). Table 1) . Examples of the immunostaining patterns are shown in Figure 1 . Membrane expression was present in all 49 ovarian endometrioid carcinoma cases, most of which had moderate to strong staining (39 cases, 79.9%). A total of 19 cases (38.7%) also co-expressed b-catenin nuclear staining, ranging from 1 to 80% of positive nuclei. Most of the cases showing nuclear staining also had moderate to strong membranous staining. Only one case showed weak membranous staining and nuclear positivity. The phenotypic expression of b-catenin was not associated with any of the tested variables presented on Table 1 . However, there was a trend for higher membranous and nuclear expression in grade 3 tumors than in grades 1 and 2 tumors (Table 1) .
Results
Correlation Between
FIGO Stage and the Phenotypic Expression of b-Catenin, Patient Characteristics, and Tumor Morphology The phenotypic expression of b-catenin in tumor cells was quite variable (
Association Between Covariates and Survival
The univariate and multivariate models used to estimate the association between covariates and overall survival are shown in Figure 2 and Table 2 . GOG grade was not correlated with patient survival (Figure 2a) . In contrast, patients with low membranous expression of b-catenin showed poor survival compared with those who had strong membranous and nuclear expression (P ¼ 0.022) (Figure 2b ). Further analysis showed that patients with stage III or IV disease had an approximately 5.3 times higher risk of death than patients with stage I or II carcinoma. The levels of cytoreduction, mitotic count, and membranous expression of b-catenin were also significantly associated with survival. Patients with suboptimal surgery had an approximately 10.6 times higher risk of death than patients with optimal surgery. Patients with a mitotic count greater than 15 had approximately 3.3 times higher risk of death than patients with a mitotic count less than or equal to 15. Patients with low b-catenin membranous expression had approximately 7.1 times higher risk of death than patients with moderate to high membranous expression. None of the other tested variables reached statistical significance in the univariate analysis. In the multivariate analysis of all factors affecting overall survival, only late disease stage, suboptimal debulking surgery, high mitotic count, and low membranous expression of b-catenin remained statistically significant and were associated with poor outcome. Figure 2 and Table 3 show correlations between covariates and disease-free survival. No correlation was found in the univariate analysis between the GOG grade and disease-free survival (Figure 2b) . In contrast, patients with strong membranous expression of b-catenin lived longer without disease than patients with low membranous expression or nuclear expression (P ¼ 0.035) (Figure 2d ). Further analysis showed that patients who had tumor recurrence were significantly younger than patients without recurrence (P ¼ 0.021); with a 1-year increase in age, the recurrence rate decreased approximately 5%. Patients with stage III or IV had an approximately 3.6 times higher risk of recurrence and a significantly higher percentage of recurrence than patients with stage I or II (P ¼ 0.018). Patients with suboptimal surgery had a 6.3 times higher risk of recurrence and a significantly higher percentage of recurrence than patients with optimal surgery (P ¼ 0.001). Patients with mitotic count greater than 15 per HPF had an approximately 2.7 times higher risk of recurrence and had a significantly higher percentage of recurrence than patients with a mitotic count less than or equal to 15 per HPF (P ¼ 0.017). Patients with recurrence had a significantly lower nuclear expression of b-catenin than patients without recurrence (P ¼ 0.009) ( Table 3 ). In the multivariate analysis of all factors affecting disease-free survival, only age at presentation, disease stage, and debulking surgery remained statistically significant.
Association Between Covariates and Disease-Free Survival
Discussion
In this study, we analyzed the immunohistochemical expression of b-catenin in 49 cases of ovarian endometrioid carcinoma, assessed its association with clinicopathological variables including the GOG grading system, and evaluated its impact on overall survival and disease-free survival. We found that of all the morphologic factors analyzed, only low membranous expression of b-catenin and high mitotic count were significantly associated with poor prognosis in ovarian endometrioid carcinoma. The presence of squamous differentiation, a highly glandular pattern, papillary pattern, or nuclear b-catenin expression and prognosis in ovarian endometrioid carcinoma DG Rosen et al pleomorphism was associated with neither membranous nor nuclear expression of b-catenin. Young age at diagnosis, advanced disease stage, and suboptimal debulking surgery were also among the clinical factors predicting poor survival and early disease recurrence. Although tumor grade predicts prognostic significance in several cancers, such as breast, prostate, and endometrium, the importance of tumor grade in ovarian endometrioid carcinoma remains a controversial topic. Several grading systems have been proposed by many groups, including a universal grading system irrespective of the histologic type. 36 In almost all the reported studies, grade showed at least some correlation with prognosis. 6 However, it has been shown that only grading each histologic type as a unique entity will provide valuable information about the tumor's biological behavior. 37 It is also generally accepted that each histologic subtype has a different biological behavior varying b-catenin expression and prognosis in ovarian endometrioid carcinoma DG Rosen et al in aggressiveness, chemosensitivity, and metastatic potential. Even though a universal system is very desirable, current grading systems are still considered an unreliable factor on which to base a therapeutic decision. Not surprisingly, we did not find a correlation between the GOG grading system and patient survival. Few studies have analyzed the prognostic significance of the actual grading system used for ovarian endometrioid carcinoma. In a study done by Kline et al including 145 cases of ovarian endometrioid carcinoma, no significant difference was found between grades 1 and 2, whereas this difference was significant for grade 3 tumors. 38 In another study by Grosso et al of 106 cases, tumor grade showed prognostic significance in the univariate analysis but not in the multivariate analysis of all factors affecting survival. 39 In the study by Shimizu et al, 40 nuclear grade and mitotic count were found to be independent from architectural features in ovarian endometrioid carcinoma. However, they were not found to be significant in the Cox multivariate analysis of survival time. Differences in results among studies probably reflect the different grading system criteria. When tested separately, mitotic count was more consistently found to be of prognostic relevance than nuclear pleomorphism and glandular pattern in most studies. [40] [41] [42] [43] [44] [45] Fu et al 46 found a decreased 5-year survival rate in patients with squamous foci (21% 5-year survival rate) compared with patients with ovarian endometrioid adenoacanthoma (90% 5-year survival rate). Other studies found that morphologic differences between atypical complex hyperplasia with and without squamous morules seemed to correlate with course of the disease. 47 In our study, mitotic count was the only significant morphologic prognostic factor in both the univariate and multivariate analyses to predict the rate of disease-specific survival and disease-free survival in ovarian endometrioid carcinoma. The analysis of the remaining morphologic characteristics alone or in combination-namely presence of squamous component, glandular pattern, papillary pattern, and nuclear pleomorphismdid not show that they were associated with survival.
Previous studies by other investigators have shown that b-catenin has an important function in the wingless/Wnt signal transduction pathway. 48 In the presence of Wnt, its receptor, Frizzled, in complex with LRP6, is activated. This activation leads to an activation of signaling cascade in which Dishevelled activates GBP, an inhibitor of GSK3b. Consequently, b-catenin cannot be targeted for destruction by the proteosome and is free to diffuse into the nucleus, where it acts as a co-activator for TCF-responsive genes. 48 If the Wnt signal is absent, then APC protein binds to b-catenin, promoting its degradation and inactivation. APC works with GSK3-b to regulate b-catenin through potential phosphorylation of three serine and one threonine residues. b-Catenin gene mutation stabilizes b-catenin itself and causes it to accumulate within the cell and to translocate to nuclei through inhibition of its phosphorylation. Mutated b-catenin, in association with members of the Tcf-Lef family, functions as a transcriptional factor, providing transfer cell proliferation signals to the nucleus. 48 Oncogenic mutations of the b-catenin gene have been detected in some types of cancers, such as endometrial endometrioid carcinoma, hepatocellular carcinoma, colorectal cancer, melanoma, and medulloblastoma. 24, [49] [50] [51] [52] [53] The mutation frequency of b-catenin in ovarian endometrioid carcinoma ranges from 16 to 54%, 11, 18, 23, 24 suggesting that this gene has an important function in this subtype of ovarian cancer.
The prognostic significance of b-catenin expression and its association with patient outcome is still a matter of controversy. It has been previously reported that ovarian endometrioid carcinomas with exclusively membranous expression of b-catenin seem to represent a different subgroup of carcinomas that probably have a worse prognosis. 18 This study's authors also stated that in early stage ovarian cancer, determination of the b-catenin expression pattern could prove to be useful in selecting low-risk patients, 18 although opposite reports have also been reported. [54] [55] [56] In our cohort, we found that patients exhibiting low membranous b-catenin expression had a poor outcome compared with those showing high membranous expression. In addition, patients showing nuclear staining were in an intermediate risk group. Furthermore, patients with low membranous expression relapsed earlier than patients with high membranous expression. Patients with nuclear expression lived longer without disease than patients in the other two groups. Our report provided a strong support that low membrane staining of b-catenin is associated with unfavorable prognostic significance in this subtype of ovarian cancer.
Despite the morphologic similarity between endometrioid carcinomas arising in the uterine cavity and those arising in the ovaries, there is a large body of evidence that these two entities differ at the molecular level. For instance, a higher percentage of b-catenin mutation is observed in synchronous tumors than in single ovarian carcinoma. 57 In addition, ovarian cancers exhibit microsatellite instability and PTEN alterations less frequently than their uterine counterparts. 13 The study of loss of heterozygosity in synchronous uterine and ovarian endometrioid tumors suggests that when is selective for one tumor site the patient is more likely to have two separate primary tumors. 58 Owing to this molecular difference, the ovarian endometrioid carcinoma grading system might not be parallel to that for uterine endometrioid carcinomas. Therefore, using the same grading system for both entities might not be appropriate. As shown by our results, we could not show a correlation between patient survival and tumors grade determined using GOG system criteria. However, mitotic count and b-catenin expression did show independent prognostic value. Our results suggest that ovarian endometrioid carcinoma might have a unique biological behavior in which the proliferation status of the tumor is critical. Clearly, there is need to define a better grading system for ovarian endometrioid carcinoma. We believe that molecular markers such as b-catenin could aid in defining this grading system.
